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M:IYS l’fItlIfiII(lcr  will lmc aIl X-lmIId  (8 6’}12) r2l-
(Iio s,ystm)l  f’01 (Iilcct)-tc)-l’}  :ll(ll colllll)ll)lic:ltiolls”  alId
[i)] I (II Ip,(> :111(]  1 )()])  ])1(:]  lll(!WL1l’Clll( !llt S. A ])rofyaIII  of
l)] (xis( ral Ig(’ tilld 1 )()~)l)lcl  C)l)S(!I’\’iltJiC)  llS w i l l  l)mvi(l(

(I(:t(:lltlilltlliolls  of” tfIc cl]allgillg  orl)its  of l’klrtll alId
i14ill”S :111(1  of tfl(’ lotatioli” of Mars wllicll will collll)lC-
II I(VI~  tile Vikillp,  lalId(T ral Ip,(:  ol)scrwtiolls  ol)tailld
ill 1977-1982 [LWf171(lLdI  cf [Il., ] $):)[); yo[j{:l, (171(1  st(l’l  -
di.dlj 19Wtllis issue]. o f  l)a]ticulal  ilktm:st  is tll(
M;lrtinll  rotational illfbllllatioll:  scmlar j)lcccssioll of
III( Iml:,itmlc  of tfl(: llo(l~l short  ])criod nutatiol)  of
tlI(’ ol)liquity HIId IIodc ,  s(ws(mal  aIid  tidnl vali~lti(nls

ill tll(: (lill171:ll,  axial rotatiml  (i.e. LJ’J’1))  o f  ~~~~1s  ~ill~~
(;ll:~ll(ll(:)-lik( wol)l)lc of i14flls fi~ulc axis ldtltiv( to
t  II(, sl)ill  /\xis.  ‘J’lICSC  scas(n]dl variatic)lls ill U’JW alId
l)olar ]Ilotiol)”  ale ])ril])arily  drivul I)y tllc wlxillg  al](l
w~illillp,  Cf~Z C:I1)S wIIOS(J  cl IaIIgcs  CaII 1)(: Il]()]lit()r(:(l
I)y tfl( sIIIfacc  :Iir ])rcssurc V<II  iatic)lls [Ca2c71cIlJc: (/71~1
];{, /7,,7,,,  (), ) {)80;  (;/l(,()  (,7)(] ]{?1/)2?/(:(/7//,  1 992]. S L Y -
so] 1~11 v~)liiitiolls of lJ’J ‘O lI:IVC!  ~llc:I(l}T I)CCII d(!t~ct~(l
[lk’osd)(’l:fj  cl al., ] 979i,; }~(,{](!~  (,7,(1 s’t(,ndish, 1 996],

:Iltlloug]l tll(~ir l)rcc ision is IIotj yet ~mit cl)oug] I to
])] (wide a lls(:flll cmlstrail)t  fol clillmtc  stud i(:s. W(:
l)(:li(wc I)t\tllfi)lcl(:l-(l(  :tcrlllillccl lJ’Jl) will l)rovi&: this
illll)olt:lld  II( W  d:lta set if tllc I:lllcl(’1  lasts  1110:(” tll:ill
olw-lialf 01” a Martian  yw].

of (WYVI  gl(atm g(x)l)llysical  sigllific:lll(:(:  is tllc cx-
l)(xtatio)l  that a f(wv IIlolltlls of I’atflfill(lcl  lalip,illp,
(Iiitil will (Ict(:r)tlillc tllc llI(xtll sl)at, ial oli(nltatiol]  of
{11(’ ])01(! of’ mtat,i(nl of Mars to wit,llill ().5”. ‘J’l Ic
6  yw]s o!” hfals rallgillg  ol)tailld l)y Vikilw Ialldcls
:IIS(J collstlaills  tfIc ]IIC.a II })OIC at tlI(: lni(ll)oillt of tlflat
(.xl)criltl(~llt to al)ollt 0 .5”. ‘1’lIc  1)01(, 1)1 cc(:ssimj  o f
ill)ollt 7.78’’/yr  wis Wcmillcd  tc) 5% IO’ tll~ vikill~
liill(l[>l  (lilt~l  [  }“odC7”  (17/(1 Sf.[/71fl?.Sl/j  1996]. ‘1’lIC  1)1(~-
c(:ssioll  is (Ilivm  I I)y tllc g,] :~vitatimlal toquc of t] I(

s(II)  a(:tillp, 011 N4aw ol)]atcl)(:ss and i s  ])l”()])cll”ti(  )llill
to (C (1 /2(,4 - I 1;))/(; WIIW(:  C > I-I > A aI(:
l)rill(il)tll II)ol)l(:llts  of ill(:rt)  ia. ‘Ikackillg data of tll(’
l’atllfill(](’l l?IIIdcr,  wll(m coltil)illd with tllc Viking
10] I(lr]  (liit~~ a(quil(:d  24 ycals  earlier, sIIOU1(I r(:solVc
tflc ])1 (,(cssi(nl lat(,  to l)ct,t,cr t,llall 1 % if tllc IIlissioli
lflsts own oIIr-lIalf of a i14:iltial)  y(al. Silicc tllc filctol
c;- ~ (A-I 11) : J2A41{2 is a]rcady  kllowll to IIigll accll-
l’acy [smith  Ct (Il., ] y)~; ]{[)7tq)~iv  (Jfl(l  S’[)(J7’C’71,  1 995]

fl 0111 d(:tcctioll  of N4:IIS  gI avity  fid(l usill~ Viki}w or-
I)itcr aII(l otll(!l trnckin,q  (I:it?i, this illll)mw(l  csiiltl:ltc
of” tlI(, II IC!a  II ~)l(xrssioll  will cmlstrail)  tllc l)olal 1110
)Ilmd  of ill(:rtia C.

Acculiltc  lll(::~s(l]clll(:llt  of tllc I)olaI  lnoltlclit of ill-
cltio \vill 1)1 ovidc sigllifical)t i)lforlilatic)ll al)out tlI(’
collll)osit” ion aIid il)t ornal strud 111 c of M:ll’s [Dolls,
I yj[~; Y()(IC,  [,71(1 Sf(lr{(lidl,  1 9 { 1 6 ] .  F’igulc 3 ill }’~)-

dm ond ,W(]’tl(l’idl  illustr:itcs  tllc smlsitivity  of lIIOIIICII1

to 1)0111  l)lal)tlc  coltl})ositioll,” lllalltlc t[!lu])[!l”atlll(’  a n d

core size. ‘J’11(1  iltll)c)rta)lt  I)oillt to llc)tc is  tllatl colI-
stI aillillg tll(’ cow IIlolllcllt will (Ir:ist  i(:ally lililit  tll(’
lWIIg C of l)hlusil)l[:  il~t~’liol Stru(”tuld  lllodcls. ‘J’IIc

Vikillp, (w(il, )atc for tllc l)rcccssiml  collst7  ~iilm tli( l)OIC
lllolllcllt  to 0.357:1 0.16. ‘1’llis  I)rovo(atiw  cstilnatc Ii(’s
IK!tw(!(!l)  tflc U])]X1  I)ollnd 0.365  dc(lu(l!d  I)y l{(flsc’/l-

bcl:(j  [1 977]  and ]<01/1(/  d 01. [1989] fl”olll tflc Cfl(!(’t  of
t 11(, ‘J’llill sis I)lll&(’ and tllc \’nlUC of” ().345 dcriv(d  1)~
lli//,s [1 989] I)ww(l 011 a statistical argulllclk.

‘I’l Ic l)olaI  ltlolt)cvlt  of ill(:rtia is also a I{(y I):\ItiIIII-
(,t(,l for (lll(iclst:illclill~  tlI(’ l)nst clilnatc  of Nlars 011 a
ti)tlc scale of a fcw ltlillio)l ycam. ‘J’lIc  gravit at iollal

1)1111 l)}; .lul)it(u :111(1  tll(’ Otll(!l’  l)l:\llCtS SloWl~ (llilll~,(!

t,llc ml)ital  l)laIIc of h4ars aIId,  owl  IIlilliolls of YYIIS,
(iLllS(!S  tli(’  ol)liquity  to  CIlilllf!,(’ t(’ll S Of  dCf!,l’CC’S.  ‘J’llis
Cllallgc  altu s t!llc’ lllctill solar illsolat)iol)  al tl)c 1)01(:s
I )y a facto]  of two. ‘1 ‘lIC exact llistmy  of h4a IS ol)li(l-
uit.y is wry scllsitivc  to tllc I)olal Illolll(vlt of ill(!l”tiil
[ W’(d, 1 973; ~ 974; lb?) (!/ (71.,  198[); IAAW7’,  1  988;

M’[lrfl  [17!(1 lhl(ly, 1 991; Y bflm rl mid Wi.s[lo?l) , 1993].
lkII :L 1 % difl”(uc]lc(  ill tl)c l)olar IIlmllcllt  of ill(vlia
cm I l(:ad t () a tcl  I (I(:grcc  (Iiflmnlcc  i II kllowl(dgc of t,] IC
ol)liquity  ns i]kdi(.atcd  ill l~ig. 1 fl’oil) W07’(1 [Il[d I{71(IV

[ 1 9 9 1 ] .  IA,p,c ullccrt~,il]tics ill tlIc ol)liquity llistoly

l e a d  h lwrgc  llll(cltf~illti(s ill illsoliltioll” all(l tlllls ill

jmt glol m] clilnatc. }ICIICC,  auwratc  dctcrllliliat ion
of tflc I)] cccssiml cmr+tallt  will i] II1)IC)VC!  kllmvldp,(. of
tllc hlarlia]]  clil)mtc owl tJIc lnst fcw ]Ilillioll ycals.

J )ata collcctd  by tllc Viking laIIdcrs slIo\v a s(w-
soIIal  variatiol)  ill atlllosl)ll(:ric I) I(WSIIIC  of 2(M [ l{y(171
(’t (//., 1978; lfrss d (Il., 1980,  7’il17(/f171  Cf ( I l .  j  1993].
‘J’liis Valiat,iml is t,lloug)lt  to ~)c du(} to condclls:~tioll” of
(:11’1)011  dioxide at tll(: 1)01(:s  ill w’illtcl  and (Wril])Oltltioll
ill SUIIIIIICl.  ‘J’11(’  cl IaIIg(’ ill tfl(: al{loullt of cmI(l(:IIsccl
c: Irl)(III  (Iioxid(” results ill a cl I:IIIg(~ ill tfIc l]lolllcllt of

illc]tia. Cf12c7t(Iw!  (171(1  1~(1/7nz710  [ 1 9 8 1 1  l)r(di(t s(Y-
Sollill cllal Igcs ill tflc rotatim)  lat(:  ill lCS])olls C to tfl~
lllolll(~llt of illclt,ia cl IaIIg,c, with all a]ti~)litll(lc  COll’~-
sl]()]l(lillp, to a cllaII~c ill rotation” of nl)out 3(K) 7)L0s
(ll)illialcsccc)*\cl),  c{)lrc:s~)c)l,cli,,g to a dis~)lacc]l)cllt of
5 ?// at tflc (!qumn’.  I low(w) t!llc Usc of ])lcwslll (’ 11 l(!:l-
sumncvks  froltl olIly two sites  011 tl)c! l)lwl(!t  could lead
to si~~llifi(:lllt  (:m)ls  ill tllc ~)rcdictiml of tflc p,lol)al cx-
Cl ImIRC of c811)011  (lioxidc, l)c!lll:q)s as la?’gc [Is m%.
‘J’l)is ~i]l]ltlill  sigllat(llc  is O1)SC1  \’c(l ill tllc Vikill~ diit~~



1[1 t  llou~ll  110 alt(!lll])t  l)a,s I)ccll  llla(l  Q, to Iclllovc,  a

~)ossil)l(, l)olal II]ot,im] cc)l)tlil)lllic))l.  o u r  l)rdilllillnly
1 “il)lil  ysls i))dic. atcs tll ai t,ll(’ 11101(!  aC(:lll’al(: l’at))fill(lm

l;i(lio  syst(vII  will cIIal)l(:  t,l Ic IIl(:ilslll(:l)l(:l)t  of t,l I(I ro-
t IItiol I vnliatioll wit]]  aII accuracy of al)r)ul < 40 ?nc~s
])l(n,i(lml  t,]Iat  t,l Ir II)issioll  s(lrvil,cs lIIOrC t,l Ial I c)llc,-linlf

o f  it h~arl,ial)  y(XII. ‘J’II(!s(: dat,a, wlIclI  coml)il)d wit])
I()(H1 ])IWSUW 01 )s(mati(nw by tlIc lwI(l(:I,  will allmv  a
1)( ’11( ’1” 1110(1(!1 fol 111( gk)l)al co~ Cyck!.

III a(l(litio]l to  tlIc al)ovc ilwcsLigatiolls o f  hflms’
Iot{lt iolml l~?lliat,iol)s witl} t,llcir  il))])licatiol)s for  I)(:t.
t(v Ill)(l(,lst:il)(lil)g  o f  tlIc ])ast, N4a1s clilnatlc, call)()]l
(Ii(mi(lc  (ycl(:, aIId II Ial  Itlc com])ositiml,  la(lio t,rack-
il~:: of” t,l I(* la IId(!r ])rovi(lcs  tlI(: c)])l)olttlllit}~ to IIlollitor
tli( 01 I)iti\l (Iyl)alllics of A4ars. liallgillg IIlcilslllc:lll(,l)t,s
t  ( )  t] 1(’ Viking I:ill{l(:ls llf~v(~ 1)(:(:1) ~ls(!(] to ~lCCll).21t,(!]}J
(l(i(vl)lil)(~  tll(,  c]) II(!III(,I  i(lcs  o f  l’;:IrtlI aIId h4a1s [c. g.
SI(ITI (/7,9// (111(1  M’diim)ls,  ] 990], d(:t,c:rlllillc  t II(: II I:ISS(W
of” tllwc I;IIP,c ask!roi(ls tf]rougl]  tllcir  il)flucllce m tllc!
()]1 )it of” h~ars [ Si(/?t(li.~11 (JTI d llcllTTI~.~,  1988], (:stil  t )i]t~
tl ](: 1‘1 ‘N (1 ‘iili(lll(:tc~ri~ccl  I ‘ost,-Ncwtonim))  l)a)a~~lct(,l
p,illllll)a [ 1{(!(1s(:71[)(:79  d (/1,, 1 9791);  A’c[,s(!lll)(!ly  [[t  ( , 1 . ,

] {)8]  ;  Jldh/{/s (’/ (]/., ] $]8S;  L!!}L(l]li70,  ]  :){]()]  aIId  sd a
li]t]il ()]] ii j)ossil)lc lat(! of Cllallgc of tllc gl:ll~it:itiollal
coIIsl  tIIIl ~; [llClli7/fILS  d 01.,  1  983]. l>atl)findcl  rallgillg
111(’tlslll(,l[lcl)ts will sigllificant]y  illll)rovc wtil))atcs  of
tll(s( ])/llitll)(([!lS.

‘1’11(’  l:lli~,c p fro]]] a lalldm olI M a r s  to t,llc I{;aItlI is
I’(’lilt(’(l 10 tll C orl)it  :111(1  mioltat,iml  of h4a1 S I)y

wl]mc d is tlIc dist,:illcc  ftolll t,ll(! cmlt,m  of A4ats to
t  II(, ( w i t  (v of l’;aItlI, l/_I is  tile lal]dcr  distallc(,  frolt~

tll(! illst:illt;()](,()(ls  ] otmtim)  axis ,  1{2 is t]w dis{)la(x,-
llt(vl(  o f  Illc 1:]]1(1(!1  ft.(n)] Il]c cquatolial l)lanc, ficl i s
tllc (I(dillat,ioll  o f  l;wt)l] as SCC1]  fro])) N4aIs, all(l }1(/
is i 1](I lIOUI  allp,](: of }~kiM1. ‘Jllc ddillatioll slid l]OUI
al]p,lc of l’;arl,l) ar(’ p,ivul by

WFII(VC c is tl)c ol)liquity  of Mars, @ is tllc lw)gitu(lc
of t IIc ]]()(lc of Mars, 1, is tllc cc]il)tic lmlp,it udc of

N4a1s,  d, is tlI( lot ntio]l aIIg,lc of h4a Is al)out  its sl)ill
axis ,  A(, is tllc lall(l(:l lollgitudc, 7 is tllc l)(:lioca~tric
(l is t  a]lcr of L4a1s, 7’., is tll(~ ll(~lio((~lltli(. distallc(~ of
tll(: J’;:L1 111, a]ld S is t llc a~lglc I)ctw(w)  tllc s{ili-hftIrs
(Iimctiml all(l tllc sl]ti-1’ki)  t,]] (litc~ctioll (’JIIc  ]]]olio~l

o f  tlic l<hltl)  irackillg statioll dIIC t o  lI;artlI  lot<i(iml
is  ip,llolu];  t IIis is v(,1 y acculat,(:]y  d(~t cnllillc(l  usills,
Otll(!] dtlt,:l,)

%l)sitivity  t o  t,li(~ dilccti(nt  o f  t,ll(, h4artiull  sl)i)l
axis, al]d tllc l)wccssioll aII(l IIutat ion wllicll cllallg(j
Il)is (Iir(rtiwl,  (()]]I(w  IIlaillly tllmugli  cl Ian~cs ill 111(,
(“os fi(l tcrll] II)o(lulatil)g tllc allil)]it U(IC o f  tl[c ll(Iur-
all~l(,  ftictol  of l’;(l  ]}. 1. I ‘olal IIiotioll ciiuscs c,liti]Ig(~h
ill tlw lal Idc.1 cool dil~:~tcs wit]) msl)cct to t,hc s] )ill
axis, cllallp,in~, t,llc lnt, it, udc :[]](1 lml~, it, udr of tll(, st, a-
iiml. Wit,ll mlly 0])(: la]ldcr  it is IIot  l)ossil)l(,  to scl)-
aratc cl]mlgcs ill lollp, itu(lc (Il]c to l)ola] lllotic)ll fmltl
cll:ll]~cs ill tl](, rot[ltioll” rzltc. ‘1’llc d(~t(’rliliil(!d quantit-
ies arc  Vill’iflt iol) ill l:~titu(lc,  I}laillly  mri(](vlt tltloup,li
(’l Ial I&(w  il) tl)c sl)il) rtidius wllic]t  IIlodul:itcs  tll(’ llOIII-

alq:](!  t(!llll o f  }’;(]  11, 1 ,  aIId lJ’J’(), Clla])pjcs  ill ills(,all-
t  :111(!011S  lall(lcl” loll~~itud(,  w’llicl)  fl])])(!ill  &S Cllallp,(:s  ill
tll(’ IK)lll-allglc.

‘J’lle Vikill~ lalt(l(:m  ])rovicl((]  a wri(!s  of raIIg( II ICa-
sll]r]])(:]lts  fl 0111  JulJ~ 197(; to iNo\wIIl)(:I  1982. i140st of
tll(!s(’ IIl(::lslllclt)c!lits  alc floll) Vikill& Ialidrl  1, sillc(
Viking,  1:111(I(:I  2 sto])l)d tl~lljslllittillg  aftel Scl)tcllil)cr
1977, aIId IIIOSt  of tl](, t,racki]y, l)assw  ~fwc lil,]itcd  to
a f(w 1 a}ip,c llicasurc)t)cl)ts. ‘J’11(:  Viki]l:,  ]illlgi]lg ]11(::1-
sllm]lc]lts  uwc ])(’rfor]tic(l  usi)]g  8 sigt)al tralls]]litt(d
[10111  a  tracking  statiol]  t]alls])oll(l(!d  I)y tllc laII(lcI
:111(1  tlm ]0(11](1 tri]) tiltlc  II IC:ISUINI.  I’hrly analysis  o f
]mrl  of Vikilig (lilt~l  set V7{ls  dolI( to (I(!t(vlt}ill(, tllc di-
rCC.t iol~ of t llc s])ill axis :]11(1  1 IIc mt,ntiol]  l’ilt (~ (If A’l:irs

I)llt tlI(: ])mwsio]]  Iatc was l]ot ]IIwIsIIral)l(:  a! a si{:-
]Jifica]lt lCW1 1 Mi(:liflcl  (t (/1., 1 976; Af(l?yo  cf al., 1 977;
II()?dc?’lcs  (!/ (//., 1 980]. R(!mltly }’0(1(!?’  ({?/(/ Sf(f?l  dish
‘ ]  {)()(j] ]l;I\,(, :III:IlyA(Y]  t,]l(~ f(lll Viking,  lalldm’ dnta  Wt1 .
slid dctcrli}il) (xl tl)(~ I n c(wssi(n] mtc with ullc(!]tailttjy
of al)ollt f)%.

l{all~(’ and 1)()] )])1[1’ lll(!:lslll’clllcllts t{) tll(! N4als

l’at  IIfilld(:r  liIII(lc,l calI colltril)utc to cst i)liat w of t,l)(:
mt:ltio]]a]  Shtc of Afal”s. \Vitl]iIl [I sil]glc tracki]]g ]); ISS
I)ot II I aIIp,(~  aIId  1 h] I])l(n d~ita (::111 lIIcasurc [I sinusoidal
si~,llatllrc!  (Iuc  to tllc (Iiul )1:11 mtatioll o f  h4a1s. ‘1’11(!
1 )OI)])ICI dat [I tIN tyl)ical]y  al)l(: t () II I(VISUIC t IIis sig-
llat!ulc 111(11’[! ac,(’uratdy tllall tll(, Mllgc lllctlsllycll l[lllts,
(lcl)(n)dillp, 01] various l)araltl(:tcls  of tllr radio syst(,lll.
‘1’llc 1 :Illgil]:,  {lilt~l  ])mvi(l(,  t 11[!  al)ilit,y  to col]l)cct  illfor-
IIIat io)) ft 0111  s(:])ar~it (~ t ra(:kill~, ]): ISSCS,  ‘1’JIc ~IC(:UI:ICV
of t lIC l’atl)filld(T IIl(!:lsll l(,lllcllts al’(! (’x])wt  Cd t o l)C
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‘1’able 1. Fklilllated  I)arammm  aud uliccrtailltics
— .— .

I’aramc!tm

‘Iota] Hlo]timt of i])ertia, ~/Lflt2
~om  lIlomcvLL factor,  j’
F’rcc  core llutatio)l  rate 00
Obli(luity  at J2000 10
1’oIc k)ngitudc  at J2000,  ~).
Itotat,ion  rate
UrJ’1 alltmal  it}- plmsc a)nplitude
UrJ’1 annual  out-of-phase amplit ucle
U’J’1 bia~l~lual ill-l)llaw!  a~nplitudc
lJrl’l  t)iallnual  out-of-I)hase a[nplitude
lJ’J’1  tliallIIUa]  i[l-~)llas~  r!UIl~)litUC]C

LJ’J’1 trialulual out-of-pllasc  mnl)lituclc
l’olar  II)c)tioll  all~lual ill-phase  zuuplitudc
1’()]al llloti~ll  aU1lUa] C)ut-Of-~)]laSC  alll~))itUdC
I’olw Iuotioll bia[ltlua] ill-pllasc alll~,lit,rldc
Polal II]otioll l)ialltlual out-of-l) ham  altlI)litudc
I’olar Iuotion triannual im~)hase al[lpli(,rldc
I’olrm Ilmtion tliaullual out-of-I)  lJasc atll~)litudc
I ,a[lclcr locations
I’h.rth orbit orimltatiou
}I;artll selnitnajor  axis
P;artli ccc.cntlicity
Fkwth  ]o]gitudc of pcrllelioll
Mals orbit oriclltatioll
Mars sc~nimajor  axis
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‘Jlll)]c 2. Mars  M)t,atjol)  l)altil])(!t,ci Il)lccrttlillt,ics  foI difl’(!lcllt, (Int a :LII(I jt)odclill~ assullll)tiolls

l’;nl’t lblilic lall(lo)l)  Iotfit iol) NT() rali(lo]tl mtatioll

l’2u’alllctcl 1/:111$,[’ 1)()] )])1(!1 Ik)tll l{allp,(, l)oppl(!l IIotll

‘Ji)t iIl II 10111(:  IIt, of i))mtia,  C/llf 1{2 0.00312 0.()[1328 0.00281 0.()()3()6
(km’ 1110111 (’111, facto], 1’

0.()()223 ().()()1 w
().()689 o.o(i(i5 ().(m){) (1.(KW 0.(151  5 0.0505

10 (( (()] (! IIlltnti(n) rate o~)(dcg/d(lfy) 0.663 0.230 0.226 0<634 0.1’28 0.125
[I’ll alIIIIIal  ill-] )llasc  (?rms) 38 28 27 27 8 8
11’[’1 l)i:{~l]i~liil il)-])l)ww  (?)~o.s) 48 37 37 45 2(i 25
11’J’1 tri;l)lllu:ll il)-])llasc  (? IICIS) 50 9~1 20 46 i’ 7
l’olal l)lotiolt” alIIIIIal  ill-l)l)asc (TII(,S) 76 37 36 61 7 7
l)()]nl  IIlotiolt” l)i~illtlual ill-l)llas(: (?)/(/s) 101 47 42 ()(; 17 16
1)01:11  l)lotiolt” tria)ll)ual ill-] )llasc (711(/s) 80 41 3 7 74 17 l(i
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